ABSTRACT We investigated the effects of dietary fiber on growth performance, slaughter performance, serum biochemical parameters, and nutrient utilization in geese. A total of 468 one-day-old healthy male Yangzhou goslings with similar body weight were randomly divided into 3 groups with 6 replicates per group and 26 geese per replicate. The geese were then raised for 70 days on diets with a dietary fiber level of 2.5% (Group I), 6.1% (Group III), or 4.3% for d one to 28 and 6.1% for d 29 to 70 (Group II). The geese in Groups II and III had higher body weight, higher average daily gain, and lower ratio of feed to gain compared with those in Group I (P < 0.05 for each comparison). The geese in Groups II and III had greater body-size measurements (half-diving length, body length, keel length, and shank circumference), heavier viscera (heart, gizzard, proventriculus, duodenum, jejunum, ileum, and cecum), greater slaughter yield (semi-eviscerated carcass yield, eviscerated carcass yield, and breast yield), lower serum levels of alanine transaminase, uric acid, and blood urea nitrogen, and higher serum levels of glucose and high-density lipoprotein compared with those in Group I (P < 0.05 for each comparison). The geese in Groups II and III exhibited greater utilization of energy and crude protein compared with those in Group I (P < 0.05). Taken together, the results suggest that the low-fiber diet had negative effects on growth performance, slaughter performance, serum biochemical parameters, and nutrient utilization. As herbivorous poultry, geese depend on dietary fiber for normal performance. Dietary fiber is thus an essential nutrient for geese.
INTRODUCTION
As herbivorous poultry, geese like to eat grass, green vegetables, and other plants rich in crude fiber. Geese have a very strong ability to digest dietary fiber (Yu et al., 1998; Yang et al., 2009; Zhang et al., 2013b) . In contrast to chickens and ducks, geese have a minimum requirement for dietary crude fiber. Geese that are fed a diet with very low crude fiber content experience a decline in growth rate and increase in mortality.
Traditionally, amino acids, linoleic acid, energy, water, and vitamin and mineral elements are considered the essential nutrients for poultry. Fiber is not considered essential and is minimized in poultry diets to improve performance. Previous studies (Zhang et al., 2013a; He et al., 2014) have shown, however, that crude fiber can affect the growth performance, carcass characteristics, and gastrointestinal tract development of geese. These studies mainly focused on the selection of various types of roughage or crude fiber levels to improve performance in geese. The hypothesis that geese actually depend on dietary crude fiber has not yet been studied.
We investigated the effects of a low level of dietary fiber on growth performance, slaughter performance, serum biochemical parameters, and nutrient utilization in geese. We hypothesized that the geese depend on dietary crude fiber and that a very low fiber diet leads to poor performance. Our results help clarify the importance of dietary fiber for geese and provide a basis for further study of the effects of crude fiber in poultry diets. In addition, related studies found that intestinal microflora of geese play a decisive role in digestion and utilization of dietary crude fiber (Liu et al., 2011b; Chen et al., 2013; Dec et al., 2014) ; thus, we will be dedicated to the research of intestinal microflora.
MATERIALS AND METHODS

Experimental Design and Diets
The Yangzhou University Animal Care and Use Committee approved all bird handing protocols used in the study. The experiment was conducted using 468 Group I, the dietary fiber level was 2.5% during the whole experiment; Group II, the dietary fiber level was 4.3% for the first 28 d and 6.1% for the next 42 d; Group III, the dietary fiber level was 6.1% during the whole experiment.
1 One kilogram of premix contained: Vitamin A, 1, 200, 000 IU; vitamin D, 400, 000 IU; vitamin E, 1, 800 IU; vitamin K, 150 mg; vitamin B 1 , 90 mg; vitamin B 2 , 800 mg; vitamin B 6 , 320 mg; vitamin B 12 , 1 mg; nicotinic acid, 4.5 g; pantothenic acid, 1, 100 mg; folic acid, 65 mg; biotin 5 mg; choline, 45 mg; Fe (as ferrous sulfate), 6 g; Cu (as copper sulphate), 1 g; Mn (as manganese sulfate), 9.5 g; Zn (as zinc sulfate), 9 g; I (as potassium iodide), 50 mg; Se (as sodium selenite), 30 mg.
2 Analyzed values given for crude fiber, neutral detergent fiber, and acid detergent fiber. Calculated values given for ME, CP, calcium, total phosphorus, lysine, and methionine.
healthy male Yangzhou goslings. The Yangzhou goose is a major species in China. It was approved as the first national goose breed by the National Examination and Approval Committee of Domestic Animal and Poultry Breeds in 2006 . It has medium body size, stable genetic performance, high reproductive rate, rapid early growth, good meat quality, strong stress tolerance, and amenability to coarse feed (Liu et al., 2011a) .
The geese were all one d of age at the start of the experiment and 70 d of age at the end of the experiment. The geese were all of similar body weight (BW) and were randomly divided into 3 groups with 6 replicates per group and 26 geese per replicate. The geese in Groups I and III received diets with 2.5% and 6.1% dietary fiber, respectively, for the entire 70 days. The geese in Group II received a diet with 4.3% dietary fiber for the first 28 d and 6.1% dietary fiber for the next 42 days. Water and feed were provided ad libitum. The geese were exposed to natural daylight and kept with a room temperature of 24 ± 3
• C. The composition and nutrient levels of the experimental diets are shown in Tables 1 and 2 . The experimental diets were formulated mainly according to the NRC (1994) and prior research results from our 2 Analyzed values given for crude fiber, neutral detergent fiber, and acid detergent fiber. Calculated values given for ME, CP, calcium, total phosphorus, lysine, and methionine.
laboratory (Shi et al., 2007; Wang et al., 2010; Lu et al., 2011; Wang et al., 2014) .
Sample Collection and Index Determination
BW and feed intake by replicate were measured weekly from d one to d 70. Average daily feed intake (ADFI), average daily gain (ADG), and ratio of feed to gain (F/G) were calculated at the end of the experiment. At d 70, 2 geese in each replicate with the average BW of the replicate were selected to determine the body-size measurements and serum biochemical parameters of the replicate. The determination of serum biochemical parameters used UniCel Synchron DxC -800 fully automatic biochemical analysis system (Beckman Coulter, Brea, California). The selected geese were exsanguinated by a severing of the jugular vein and carotid artery on one side of the neck. After bleeding and plucking, the weight was recorded. The geese were then eviscerated, and the semi-eviscerated carcass, eviscerated carcass, thigh, breast, abdominal fat, heart, liver, spleen, bursa, thymus, gizzard, proventriculus, duodenum, jejunum, ileum, cecum, and rectum were weighed, respectively.
The metabolism experiment was conducted using the traditional method of total excreta collection (Matterson, 1965) . On d 63, one goose in each replicate with the average BW of the replicate was selected and housed separately in a wire-floor metabolism cage (75 cm × 65 cm × 35 cm) with a plate underneath the cage to collect the excrement. The room temperature was 24 ± 3
• C. The metabolism experiment lasted for 7 d and geese were fed with the diets as described in Table 2 Geese were supplied with water in the fasting period, whereas water and diet were provided ad libitum except for the fasting period. The experimental diets and the excrement were then used for laboratory analysis.
The crude fat and crude fiber (CF) content in the diets and excrement samples was analyzed according to the classical procedures set forth by the Association of Official Analytical Chemists (AOAC, 1995) . Briefly, crude fat was measured by extraction with ethyl ether, and CF was measured by sequential extraction with diluted acid and alkali. In addition, crude protein (CP) was determined by the Kjeldahl method, and gross energy was determined using an adiabatic oxygen calorimeter (Gallenkamp Autobomb, London, UK) standardized with benzoic acid. Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were determined sequentially as described by Van Soest et al. (1991) . The utilization of energy, CP, crude fat, CF, ADF, and NDF were calculated using the following formula: Nutrient utilization = (Feed intake × Nutrient diet − Excreta output × Nutrient excreta )/(Feed intake × Nutrient diet ) × 100%.
Statistical Analysis
All the data were initially processed using Excel and then analyzed using the one-way ANOVA procedure of SPSS 17.0 (SPSS, 2004 ). Significant differences among the treatment means were determined at P < 0.05 by Duncan's multiple range tests.
RESULTS
Growth Performance
The effects of dietary fiber on the BW, ADFI, ADG, and F/G of geese from one to 70 d of age are shown in Tables 3 and 4 . The geese in Groups II and III had higher BW at d 28, 35, 42, 49, 56, 63 , and 70, higher ADG during d one to 28, 29 to 70, and one to 70, and lower F/G during d 29 to 70 and one to 70 compared with those in Group I (P < 0.05 for each comparison).There was no significant difference among the groups in BW on d 7, 14, and 21 or in ADFI during days one to 28, 29 to 70, and one to 70. Group I, the dietary fiber level was 2.5% during the whole experiment; Group II, the dietary fiber level was 4.3% for the first 28 d and 6.1% for the next 42 d; Group III, the dietary fiber level was 6.1% during the whole experiment.
a-b Values within a row with no common letters differ significantly (P < 0.05).
1 Each value represents the mean of 6 replicates. 2 ADFI, average daily feed intake; ADG, average daily gain; F/G, the ratio of feed to gain.
3 Standard error of mean.
The effects of dietary fiber on the body-size measurements of the geese at d 70 are shown in Table 5 . The geese in Groups II and III had greater half-diving length, body length, keel length, and shank circumference compared with those in Group I (P < 0.05 for each comparison). There was no significant difference among the groups in the shank length, breast width, or breast depth.
The effects of dietary fiber on the relative weights of the viscera of the geese at d 70 are shown in Table 6 . The geese in Groups II and III had greater relative weights of the heart, gizzard, proventriculus, duodenum, jejunum, ileum, and cecum compared with those in Group I (P < 0.05 for each comparison). The dietary fiber level had no significant effect on the relative weight of the liver, spleen, bursa, thymus, or rectum. 
Slaughter Performance
The effects of dietary fiber on the slaughter performance of the geese at d 70 are shown in Table 7 . The geese in Groups II and III had greater slaughter Group I, the dietary fiber level was 2.5% during the whole experiment; Group II, the dietary fiber level was 4.3% for the first 28 d and 6.1% for the next 42 d; Group III, the dietary fiber level was 6.1% during the whole experiment.
1 Each value represents the mean of 6 replicates of 2 geese each. 2 ALT, alanine transaminase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; TP, total protein; ALB, albumin; GLOB, globulin; GLU, glucose; BUN, blood urea nitrogen; UA, uric acid; CHO, cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Ca, calcium; P, phosphorus.
yield, semi-eviscerated carcass yield, eviscerated carcass yield, and breast yield compared with those in Group I (P < 0.05 for each comparison). Dietary fiber had no significant effect on the thigh yield or abdominal fat yield.
Serum Biochemical Parameters
The effects of dietary fiber on the serum biochemical parameters of the geese at d 70 are shown in Table 8 . The geese in Groups II and III had lower serum levels of alanine transaminase (ALT), blood urea nitrogen (BUN), and uric acid (UA) and higher levels of glucose (GLU) and high-density lipoprotein (HDL) compared with those in Group I (P < 0.05 for each comparison). In addition, the geese in Group II had Group I, the dietary fiber level was 2.5% during the whole experiment; Group II, the dietary fiber level was 4.3% for the first 28 d and 6.1% for the next 42 d; Group III, the dietary fiber level was 6.1% during the whole experiment.
1 Each value represents the mean of 6 replicates of one goose each. 2 Standard error of mean.
a lower serum aspartate aminotransferase (AST) level compared with those in Group I (P < 0.05). Nevertheless, dietary fiber had no significant effect on serum levels of alkaline phosphatase, total protein, albumin, globulin, cholesterol, triglyceride, low-density lipoprotein, calcium, or phosphorus.
Nutrient Utilization
The effect of dietary fiber on the nutrient utilization by the geese at 70 d of age is shown in Table 9 . The geese in Groups II and III exhibited significantly higher utilization of energy and CP compared with the geese in Group I (P < 0.05 for each comparison). There was no significant difference in the utilization of crude fat, CF, NDF, or ADF among the groups.
DISCUSSION
Growth Performance
In this study, BW and ADG were significantly decreased in the low dietary fiber level group. Similar results were observed by the studies of Hsu et al. (2000) who revealed that with crude fiber levels increasing from 4 to 12%, the ADG significantly increased in goslings at 4 wk of age, and those of Zhang et al. (2013a) who revealed that 6 dietary fiber treatments were formulated with 6 graded levels of crude dietary fiber (3.00, 4.50, 6.00, 7.50, 9 .00, and 10.50%), and the ADG was the highest in geese fed with 6.00% dietary fiber. In addition, our finding that dietary fiber did not affect the ADFI is in line with the study of Ohara and Yamauchi (2000) , which confirmed that a diet with 5% dietary cellulose did not induce a specific alteration in feed intake compared with intact controls in chicks. The lowest ADG and the highest F/G were observed in Group I, which had the lowest fiber level; this indicates that the growth performance of geese from one to 70 d of age was negatively affected by the very low fiber diet.
Body size is an important indicator of bone development. Until now, few studies have examined the effect of dietary fiber on body size in geese. A low-fiber diet decreased the half-diving length, body length, keel length, and shank circumference of the geese at 70 d of age, suggesting that low dietary fiber has a negative effect on bone growth and body shaping in geese. Geese that receive low levels of dietary fiber might therefore fail to achieve normal growth and development.
The digestion and absorption of nutrients can be directly affected by the growth and development of the internal organs. The full development of the internal organs is the basis of the effective deposition of nutrients in muscle and bone tissues. We found that the relative weights of the heart, gizzard, proventriculus, duodenum, jejunum, ileum, and cecum were significantly decreased in the geese that received the low dietary fiber level, indicating that the low level of dietary fiber had a negative effect on the development of the gastrointestinal tract in geese from one to 70 d of age and that the digestion and absorption of nutrients was adversely affected.
Slaughter Performance
Slaughter performance is one of the important indicators of the economic benefits of breeding and also a key indicator of the growth performance of meat animals. The low level of dietary fiber significantly decreased the slaughter yield, semi-eviscerated carcass yield, eviscerated carcass yield, and breast yield, indicating that slaughter performance was decreased by low fiber level. In addition, the geese that received the lowest level of dietary fiber had the lowest slaughter yield and the smallest body size. Those results are in accordance with those of previous studies by Yang et al. (2006) and Larzul et al. (2000) . The results suggest that a very low level of dietary fiber negatively affects the growth and development of bones and muscle, thus decreasing the slaughter performance.
Serum Biochemical Parameters
ALT and AST exist widely in tissues and come mainly from the liver. Furthermore, they are important indicators of liver function and have a strong relationship with animal growth (Melaren et al., 1965) . Serum ALT and AST levels reflect the permeability of the liver tissues and cells and the function of the metabolism. The geese that received a low level of dietary fiber had significantly increased serum ALT and AST levels.
UA and BUN come mainly from the digestion, the breakdown products of the digestive tract, and the metabolites released from tissue cells ). In addition, BUN is the main end product of protein metabolism and can reflect the status of amino acid metabolism and utilization throughout the body. The geese that received a low level of dietary fiber had significantly increased serum UA and BUN levels. Those trends were in accordance with the ADG and the slaughter performance, suggesting that the low dietary fiber level depressed protein synthesis, resulting in more serum BUN and UA and slower body and muscle growth, which finally led to a lower ADG and slaughter performance.
HDL is mainly synthesized in the small intestine and liver. It can clean up cholesterol existing in rhagiocrine cells and ensure the stabilization of cholesterol. HDL thus has an anti-atherosclerosis function and prevents the occurrence of atherosclerosis . In the present study, the geese that received a low level of dietary fiber had significantly decreased serum HDL, suggesting that a low dietary fiber level might reduce transport of cholesterol to the liver, and then had a negative effect on the health of blood vessels in geese.
The geese that received a low level of dietary fiber had significantly decreased serum GLU content. That result was in accordance with the ADG, indicating that the low dietary fiber level blocked the absorption and utilization of GLU, resulting in slower growth.
Nutrient Utilization
Dietary fiber has strong effects on the utilization of energy, dry matter, and protein at the end of the small intestine (Partanen et al., 2001; Yin et al., 2004) . The utilization of energy and CP were significantly decreased in the geese that received the low-fiber diet. That result might be the result of the geese that received the low-fiber diet having a significantly lower relative digestive tract weight, which might have impeded the utilization of energy and CP in the digestive tract. In addition, dietary fiber had no effect on crude fiber, neutral detergent fiber, and acid detergent fiber, suggesting that fiber in the diet did not affect the nutritional utilization of fiber and its components in geese from one to 70 d of age.
CONCLUSIONS
A low-fiber (2.5%) diet had negative effects on growth performance, slaughter performance, serum biochemical parameters, and nutrient utilization in geese from one to 70 d of age compared with the diets with fiber levels of 6.1 and 4.3% for d one to 28 and 6.1% for d 29 to 70. The low-fiber diet thus failed to meet the nutritional requirements of the geese. As herbivorous poultry, geese depend on dietary fiber for normal performance. Dietary fiber is thus an essential nutrient for geese.
